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Abstract 
This paper, presents real time verification of an Artificial Neural Network system (ANN) with Field Programmable 
Analog Array control (FPAA) for a sensorless control of Switched Reluctance Motor (SRM) in automotive drives. 
The rotor position estimation is done using the unsaturated instantaneous flux linkages and current obtained by 
measuring the phase current and voltage. The converter analog control is achieved with FPAA. The SRM automotive 
applications are currently getting special attention as the SRM has notable advantages such as robustness, low 
manufacturing cost, and good size-to-power ratio. The experimental result for a 400W 8/6-SRM prototype model was 
presented. 
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1. introduction 
Switched reluctance machine drives have gained considerable attention among researchers due to the 
rotor construction simplicity and robustness, as it consists of pure (laminated) steel with neither 
permanent magnets, nor electrical windings. While the stator windings are not distributed, but 
concentrated around the salient poles. The machine is cost-effective and has a comparable or even higher 
efficiency and power to volume ratio. Henceforth, SRM can be used in various low, medium and high 
power drives, specifically in automotive applications due to fault tolerance and high temperature 
withstand capability.  
SRM drives typically comprises of power converter, controller and rotor position sensing circuits. The 
rotor position sensing circuit plays a vital role in switching the power control circuit to excite the stator 
phases. In case of automotive applications, the high temperature available in the system leads to collision 
of signal from sensors, which lead to inefficient commutation of power control circuits. In addition to that, 
complexity, cost and size increases for position sensor based SRM drives. Hence, an attempt is made in 
this work to build a sensorless SRM drive.   
The paper is organized as follows: Section 2 describes the sensorless SRM operation and its analysis, 
section 3 explains the proposed control system for this model, section 4 exhibits the experimental 
Open access under CC BY-NC-ND license.
1832  C. Kamala kannan et al.\ / Energy Procedia 14 (2012) 1831 – 18362 C. Kamalakannan/ Energy Procedia 00 (2011) 000–000 
hardware setup of the proposed model, section 5 demonstrates the results of proposed ANN estimator and 
its logic with FPAA, section 6 gives the results and discussion and conclusion is given in section 7. 
2. Sensorless Srm Control 
The basic premise of the method is that an artificial neural network forms a very efficient mapping 
structure for the nonlinear SRM. Through measurement of the phase flux linkages and phase currents the 
neural network is able to estimate the rotor position, thereby effectively eliminating the rotor position 
sensor.  
When the positive voltage is applied to the phase, the phase voltage equation of SRM is given by,  
V= iR + 
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Where, λ- flux linkage, Vm – mutual voltage,  R – phase resistance and  Vm = m(θ) 
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And the current gradient is given by,  
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Table 1. Flux-linkage for the respective current Vs rotor position 
  
CURRENT (A) 
R 
O 
T 
O 
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I 
O 
N  (θ) 
 0 5 10 15 20 25 
0 0 0.3062 0.4477 0.5446 0.6155 0.6694 
10 0 0.2747 0.4035 0.4924 0.5583 0.6089 
20 0 0.2435 0.3592 0.4402 0.5011 0.5483 
30 0 0.2124 0.3152 0.3883 0.4438 0.4878 
40 0 0.1812 0.2707 0.3359 0.3866 0.4272 
50 0 0.1501 0.2265 0.2837 0.3294 0.3667 
60 0 0.1189 0.1822 0.2315 0.2722 0.3061 
70 0 0.0878 0.1382 0.1793 0.2149 0.2456 
80 0 0.0567 0.0938 0.1272 0.1577 0.1854 
90 0 0.0255 0.0495 0.0753 0.1005 0.1245 
 
Using the above equation, the rotor position can be estimated from calibrated conversion tables for 
various currents and speeds. The FPAA detects whether the energized winding is operated in conduction 
mode or freewheeling mode.    
A mechanical setup is used to hold the rotor in position and voltage pulse is applied by turning ON the 
switch. The current is made to reach nearly 20% to 30% more than the rated peak current of the motor. 
The flux-linkage is measured for a set of rotor positions spanning from 0° to 90° at steps of 10°. The data 
recorded and the numerical integration is performed and is shown in Table 1.  
3. Proposed  Control System 
FPAA are integrated circuits with a collection of analog building blocks connected through a wire and 
switch fabric similar to the FPGAs of the digital domain. In this paper, a methodology is developed to 
explore the optimum architecture from a set of circuits by evaluating the efficiency.  
The reconfigurable concept uses two parallel FPAAs, being switched by a multiplexer. A digital 
system controls the switching and provides communication to the FPAAs in control of reconfiguration. 
At the moment all the control is done by a PC and the software, which includes digitization of the analog 
input and output to implement a digital feedback loop for comparison and control of the filter behavior. 
The control signal for the multiplexer is generated on the FPAA during the programming phase. The 
block diagram of the system is shown in Fig. 1. 
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Fig. 1. Block diagram of the system composed of two parallel FPAAs 
The analog designs are done through CAM’s (configurable analog modules). These CAM’s can be 
connected together to form the desired analog systems. CAM’s parameters can be configured in real time 
to offer the capability of dynamic configuration.  
 
4. Proposed Estimator 
The experimental hardware with the control setup of sensorless SRM motor drive circuit is shown in 
fig. 2(a) and (b).  
 
               
(a)                                                                (b) 
Fig. 2 (a) and (b) Experimental hardware setup and the control section 
The ANN training data set comprises of flux linkage (λ) and current (i) which serve as inputs and the 
corresponding rotor position (θ) as output. The ANN builds up a correlation among λ, i and θ for 
appropriate network architecture. Then this off-line trained ANN is evaluated against a test data set which 
has different λ – i values.  
The proposed ANN architecture is shown in fig. 3, which consists of three layers. The input layer has 
two inputs which are scaled current and flux linkage. The rotor position is the single output available in 
the output layer.  
 
Fig. 3. Proposed ANN architecture 
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 In order to achieve sensorless operation, the following analytical model for the flux-linkage 
profile of each phase was developed [1]: 
 
A function which is dependent on rotor angle and phase current, to derive the approximate analytical 
model for flux linkage is given by, 
 λ(i,θ) = α1(θ)[1-exp(α2(θ)i) + α3(θ)i]      (4) 
where, α – described in Fourier series as, αa = ∑Aa cos(Bθ).     (5) 
Fig. 4 show how the ANN is trained in off-line and then used as position estimator.  
 
Fig. 4. Position estimation using trained ANN 
5. Results and Discussion 
The phase voltage, speed and estimated error in percentage, in steady state, for sensorless 
(conventional machine) are discussed in this section. 
 
 Voltage Waveforms and Current waveforms 
The sensorless technique for A phase voltage and current is presented in fig. 5 (a) and (b). Here, the 
distortion presented in the output is less, due to less processing time. Thereby, the performance of the 
motor was improved. 
 
  
(a)                                                                                    (b)                                                                 
 
Fig. 5(a) Phase A voltage and (b) Phase A current with sensorless control 
6. Inference From Results 
Fig. 6 displays the comparative speed response of sensor (conventional machine), 
sensorless(conventional and SMC machine). It is evident from Fig. 6 that the speed rise during starting is 
almost linear with a rise time of about 0.04 sec, with a position sensor. The motor is able to reach its 
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reference speed (6000 rpm) within 0.025 sec in the sensor and sensorless case. At t=5 sec, a load of 20 
Nm is applied to the motor which results in speed decrease of 3000 rpm. Here, the sensor output is taken 
as reference. At t=10 sec, the load is thrown off resulting in 10 Nm. The speed error during load 
disturbance is much less in the conventional machine sensorless operation as compared to the SMC 
machine sensorless operation. It is viewed from the curve that the actual speed of the motor with FPAA 
and ANN closely follows the sensor control speed although there is some distortion. This curve also 
reveals that the sensorless with ANN and FPAA reaches the estimated value for both conventional and 
SMC machine.  
 
 
Fig. 6. Speed response for sensor and sensorless machines( conventional and SMC machine) 
7. Conclusion 
A new technique for sensorless control of a variable speed SRM suited for automotive applications is 
proposed. In this paper, sensorless based speed control of SRM is implemented in real time for various 
operating conditions such as motor start-up, steady and various load conditions. The proposed technique 
was also tested in an SMC machine for satisfactory operation of algorithm. From the experimental results 
obtained, it is found that the proposed algorithm works satisfactorily. Hence, the proposed method can be 
ideal for practical implementation of SRM drive systems which can pave a new path for the automotive 
applications where faster action, temperature and size presume the main criteria.  
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